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Measured  Backscatter  Modulation  From 
linearly  Oscillating  Metal  Disks 


l.  IMHOlHJCnON 

This  technical  report  describes  the  results  of  an  experlvnental  investigation 
of  the  changes  produced  In  the.  backscattered  electromagnetic  field  by  a disk  that 
Is  undergoing  rigid  translational  oscillations  along  Its  axis.  A scattering  target 
which  Is  experiencing  such  vibrational  motion  operates,  In  effect,  as  an  external 
mechanical  modulator  of  the  reflected  radar  beam,  introducing  a spectral  broaden* 
Ing  with  specific  features  that  are  determined  by  the  form,  frequency,  and  ampli- 
tude of  the  mechanical  motion. 

A scattering  target  which  Is  experiencing  periodic  rigid  translational  motion 
may  be  considered  as  a typical  basic  component  of  more  complicated  assemblies 
such  as  complete  trucks  or  tanks.  Thus,  although  the  Investigation  was  confined 
lo  one  specific  seatterer  for  experimental  convenience,  a number  of  mferenees 
having  quite  general  applications  can  be  drawn  from  the  results. 

The  work  to  be  described  herein  was  one  of  a series  of  laboratory  studies 
directed  toward  exploring  the  radar  detection  of  agitated  metals  (aADAM)  phe- 
nomenon. Early  investigations  of  HAOAM  raised  a number  of  questions  concerning 
the  ebaracterlstle-s  of  more  conventional  sources  of  modulation  of  the  radar  cross 
sections  of  complex  scatterers  such  as  vehicles.  A knowledge  of  the  spectral 
characteristics  Introduced  by  potential  sources  of  eonventlonal  f\«duIatlons 
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facilitated  the  Interpretation  of  the  complex  apectra  from  field  meaaurementa  that 
contained  superimposed  effects  from  a large  variety  of  modulation  sources. 

The  measurements  were  carried  out  at  10  GHz  using  a CW  backscatter  equip- 
ment that  was  modified  to  permit  a determination  of  the  type  of  modulation  intro- 
duced and  separate  investigations  of  spectra  due  to  phase  and  amplitude  modula- 
tions. The  experiment  was  instrumented  to  permit  simultaneous  observation  of 
the  mechanical  motion  and  its  spectrum,  as  well  as  the  resulting  electromagnetic 
effects.  The  scattering  target  was  mounted  on  a low  force  vibration  calibrator 
whose  frequency  and  displacement  could  be  accurately  controlled.  The  vibration 
calibrator,  together  with  its  target,  was  mounted  on  a rigid  tripod;  the  assembly 
was  covered  with  radar-absorbing  material  and  placed  in  a .microwave  anechoic 
chamber  to  simulate  free-space  conditions. 

The  scattering  target  was  a 5-3/4  in.  dlam  disk  of  1/8  in.  thick  aluminum. 

In  terms  of  the  wavelength,  it  was  0. 106  X in  thickness  and  4.  873  X in  diameter, 
corresponding  to  ka  ^ 13.300,  where  k 27/>  and  a is  its  radius. 

2.  Kyi  lPMKM  VM)MK\SI  KK\IKM  IMlOCKDi  IlK-S 

A conventional  tO-GHz  CW  backscatter  equipment^  formed  the  basis  of  the 
measuring  equipment.  Modifications  Included  the  use  of  separate  antennas  for 
transmitting  and  receiving,  and  the  provision  of  separate  channels  for  examining 
the  spectral  characteristics  due  to  amplitude  modulation  and  those  due  to  phase 
or  frequency  modulation.  A block  diagram  of  the  final  form  of  the  equipment  is 
given  in  Figure  1. 

As  shown  in  Figure  I,  the  equipment  was  divided  into  five  sections;  (1;  a 
transmitting  section,  (2)  a receiving  section  through  the  hybrid  tee,  (3)  a section 
responding  only  to  phase  modulation,  <4)  a section  responding  only  to  amplitude 
modulation.  aiaJ  (5)  a section  indicating  the  total  modulrtlon  waveform  and  spec- 
trum, regardless  of  the  type  of  modulation.  The  filth  section  was  basically  a 
homodyne  receiver  operating  at  30  MHz;  Us  output  approximates  most  closely  the 
output  from  typical  homodyne  radars  used  for  full-scale  field  measurements. 

The  transmitter  consisted  of  a Varlan  X-13  klystron  with  a H.  P.  Model  718B 
Klystron  Power  Supply,  phase  stabilized  by  a FEL  Model  133-A  Ptese  Lock 
Synchronizer.  Typical  output  through  a hlgb-direetivity  unlllne  wa.s  500  to  750  MW. 
The  unillne  helped  in  stabilizing  output  of  the  X-13  tube  by  largely  isolating  it  from 
adjustments  or  mismatches  at  the  antenna,  or  in  the  phase  comparison  sections  of 


1.  Mack.  R.B.,  Wojelekl,  A.W..  and  Andrlotakls.  J.J,  (1973)  An  Implementation 
of  Com.'enllonal  Methods  of  Measuring  the  Amplitude  and  Phase  orHaefeaeafrer 
Fields.  "AFCRL-TB-73.04TBr  — ^ " ' - 
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Fisut‘«  1.  Measuring  Equipment  for  Phase  oiid  Amplitude  Modulation  Study 


the  equipment.  In  adaltlon  to  the  usual  signal  samples  ler  amplitude  and  frequency 
monitoring  (net  shown  in  Figure  l>.  a small  fraction  of  the  transmitted  power  was 
also  extracted  for  the  phase  comparison  reference. 

phase  comparison  was  done  at  30  MHc.  To  beat  the  X-hand  signals  down  to 
33  MJfs.  an  UFE  Model  SliA'X’Sl  Ultrastable  Microwave  OseiUator  tuned  to 
10  OHc  * "0  MBs  was  used  as  a local  eseitlator.  Two  reference  signals  were 
extracted  from  the  local  oselUator  through  a directional  eattpler  and  spprsjjriste 
level  set  attenuators:  Ctee  of  these  signals  was  mixed  with  the  phase  reference 
from  the  transmitter  to  yield  a SO-MSt:  "pure*’  slptal  having  no  modulatton;  the 
second  reference  signal  from  the  local  oscillator  was  mixed  wtkh  a sample  of  the 
power  from  the  scattering  target  to  yield  a SOHMlIc  signal  that  contained  any  modu- 
lation Introduced  by  the  scatierer.  Amplitude  variations  introduced  by  the  target 
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were  removed  by  feeding  the  30-MH2  signal  from  the  receiver  through  a phase- 
stable  limiting  amplifier.  Finally^  phase  information  was  extracted  by  feeding 
the  pure  30-MHz  reference  signal  and  the  30-MH'/  amplitude-limited  signal  cot;- 
taining  target  information  to  an  H,  P.  Model  10.'»34A  Mixer/Phase  Detector. 

Ill  order  to  obtain  an  output  showing  amplttude  modulation  independent  of  (ihase 
iTvoduhation  ot  .'i  etiuency  modulation,  advantage  was  taken  of  the  wide  fretiuency 
diflerences  bc*wt  - a 45  MHz  1-f  and  typical  modulation  frequencies  of  the  order 
of  ;»fn5i  o',  hv  idred.n  of  cycles,  and  of  the  inability  of  an  oscilloscope  to  resolve 
simultaneously  noth  the  modulation  frequency  end  the  i-f  freqr-ney.  High  r-f 
sensitivity  was  obtained  by  iVseding  approximately  one-half  of  the  received  signal 
through  a ricientific  Atlanta  (SA)  Model  13A  waveguide  mixer  to  an  .SA  Model  1750 
Wide  Itango  Phase /Amplitude  fleceiving  System.  The  signal  was  llien  extracted 
from  the  receiver  at  the  45  MHz  i-f  stage  ami  routed  through  a 45  MHz  l-f  amplifier 
to  the  oscilloscope,  audio  spectrum  analyzer,  or  other  instrument  for  analysis. 
Various  .spectrum  anzly/ers  used  for  analysis  of  both  amplitude  and  phase  Included 
Tektrunlx  Model  It. 5 plug-in  adaptor  in  Tektronix  Model  581  oscilloscopes,  as 
well  as  an  ;l.  P.,  Model  3580A  Speclimm  Analyzer.  An  H.  P.  Model  302A  Wave 
Analyzer  was  also  used.  This  was  particularly  useful  at  the  lowest  modulation 
frequencies  since  Hie  Model  ILS  had  a lower  frequency  limit  of  about  20  Hz, 
whereas  the  Model  302A  performed  well  down  to  I Hz. 

With  no  ampiltude  modulation,  the  oscilloscojie  display  from  the  amplitude 
section  was  simply  a filled  space  between  straight  top  and  bottom  lines.  Amplitude 
modulation  at  the  low  audio  rates  apjieared  as  a rcalloplng  of  the  lop  and  bottom 
lines.  The  percentage  of  amplitude  modulation  pr-sent  in  the  unknown  scattering 
signal  was  determined  by  successively  displaying  the  scattering  signal  and  one  at 
45  Mtfz  from  a H.  P.  Model  8S40^  PrC'^eney  Synthesizer  fed  through  the  45-MHz 
l-f  amplifier  to  the  oselUeseope.  The  calibrated  tiereentage  of  amplitude  modula- 
tion of  the  latter  Signal  was  adjusted  to  produce  the  same  display  as  that  of  the 
unknown  and  the  percentage  of  modulation  read  from  the  Model  SSdOB  Frequency 
•Synthesizer.  Amplitude  modulation'!  as  small  as  1/3  persent  or  less  could  readily 
be  observed. 

When  the  entire  modulation  spectrum  was  desired,  regardless  of  the  kind  of 
modulation,  the  SO-Mttz  scattered  signal  was  mixed  without  amplitude  ilmiting  or 
other  prior  conditioning  with  the  30-Mllz  reference  signal.  Depending  on  Its 
amplitude,  the  out(»it  from  the  mixer  was  either  displayed  on  the  desired  signal 
analyzer  directly,  or  aaiplified  and  displayed. 

In  order  to  reduce  spillover  and  leakage  coupling  to  levels  sufficiently  below 
the  signal  levels  from  the  seatterlng  targets  for  reliable  measurements,  tunnel 
antennas  were  used  for  transmitting  and  receiving.  These  antennas  were  batically 
a in.  diam  paraboloidal  reflectors  with  conventional  doulde  dipole  feeds:  the 
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r«nector  and  re«d  us«mbli«9  were  placed  inaide  cylinder*  formed  by  &-ln.  dlam 
stovepipe  lined  with  AN/75  absorber  (Figure  2).  The  rear  of  the  cylinders  was 
electrically  closed  with  aluminum  foil  end  conducting  tape,  sealed  to  both  the  tube 
and  the  waveguide  feed.  The  best  distance  of  the  reflector  from  the  radiating  aper- 
ture of  the  tunnel  was  determined  experimentally  and  found  to  be  about  3-1/2  in. 
for  the  combinations  of  interest  here.  The  best  distance  was  taken  to  be  the  one 
that  gave  greatest  reduction  of  far-out  stdeiobes  without  reducing  the  antenna 
and  broadening  the  main  beam.  This  location  resulted  in  half  power  beam  widths 
of  about  14^^  and  highest  sldelobes  of  about  -17  dB  for  the  combinations  listed 
above.  The  use  of  the  tunnel  reduced  antenna  lobes  and  spillover  by  15  to  25 
over  all  angular  regions  beyond  of  the  ntain  beam. 


IHgure  «.  Tunnel  Antennas  for  TrvinsmUttag  and  Rceelving 


The  scattering  models  to  he  measured  were  mounted  on  a l.TV-t.iftg  Etec- 
trooies  Model  6C  Vibrator  Calibrator.  This  vibrator  has  a maximum  foree  rating 
of  2S  lb  and  a fredueney  range  between  5 Ifa  and  3 KHs.  With  this  vibrator,  the 
form  of  the  motion  was  strongly  stnuseidal  for  the  displacements  of  primary 
interest.  An  extemai  function  generator.  Wavetex  Model  105.  was  generally  used 
as  a driver.  Motion  eharacteristies  were  determined  with  a General  ftadio 
Model  1553A  Vibration  Meter.  The  associated  mechanical  plekt^.  General  ^adie 
Model  .ps,  was  mounted  behind  the  disk,  and  eleetrteal  cables  were  arranged 
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to  minimize  their  Interference.  The  vibrator  was  covered  with  microwave 
absorber  and  its  tripod  mount  shielded  by  a panel  of  absorber  to  reduce  this  source 
of  Interfering  reflections;  the  entire  assembly  was  located  in  a microwave  anechoic 
chamber  to  approximate  free-space  measuring  conditions.  With  this  arrangement, 
displacement  amplitudes  could  be  controlled  to  approximately  ±0. 002  in. , or 
±0.  6*^,  of  phase  and  vibration  frequencies  to  a few  hertz. 

The  vibrator  with  a scattering  disk  mounted,  its  power  supply,  the  W'avetek 
function  generator,  and  the  General  Radio  Vibration  Meter  are  shown  in  Figure  3. 
When  measurements  were  being  made,  only  the  vibrator  and  its  n ount  were  in  the 
chamber.  Figure  4 shows  the  vibrator  and  scattering  disk  along  with  the  tunnel 
antennas  used  for  transmitting  and  receiving.  The  transmitting  and  receiving  sys- 
tems are  located  in  a separate  room  behind  the  antennas,  c.s  shown  in  Figure  5; 
also  in  Figure  5,  the  X-13  transmitting  tube  is  located  behind  the  shield  of  the 
receiving  screen  of  the  oscilloscope;  the  SA  Receiver  is  not  shown. 

A typical  output  from  the  phase  detector  is  shown  in  Figure  6.  Here,  the 
phase  of  one  signal  was  held  constant  whereas  the  phase  of  the  other  was  changed 
in  discrete  steps  by  means  of  an  HP  Model  X885-A  waveguide  phase  shifter.  For 
each  setting,  the  relative  d-c  output  level  was  read  on  an  oscilloscope.  As  can  be 
seen  from  Figure  6,  the  central  portion  of  the  response  curve  is  linear.  Phase 
data  were  taken  on  this  portion  of  the  curve  by  adjusting  the  waveguide  phase 
shifter  until  the  maximum  deviations  of  the  phase  waveform  fell  successively  on 
the  central  horizontal  line  of  the  oscilloscope  display;  the  phase  was  then  deter- 
mined from  the  difference  in  readings  of  the  phase  shifter  for  the  two  adjustments. 

Examples  of  the  output  from  the  amplitude  modulation  section  of  the  receiving 
system  are  shown  in  Figure  7.  The  oscilloscope  time  domain  displays  resulted 
from  a 45-MHz  signal  from  the  Model  8640B  signal  generator  being  fed  through 
the  i-f  section  of  the  equipment  with  known  amounts  of  amplitude  modulation.  From 
Figure  7(b)  it  la  clear  that  amplitude  modulations  of  1 percent  or  less  could  easily 
be  detected. 

As  long  as  total  phase  excursions  were  restricted  to  the  linear  portion  of  the 
phase  detector,  the  output  waveform  of  the  phase  analysis  section  of  the  receiver 
followed  that  of  the  motion.  For  example,  the  bottom  curve  of  Figure  8 shows  an 
oscilloscope  trace  (amplitude  vs  time)  of  the  output  of  the  mechanical  vibration 
pickup  and  vibration  meter.  In  this  particular  example,  tl^e  disk  was  moving  with 
a sinusoidal  motion  at  a frequency  of  20  Hz  with  a maximum  displacement  of 
kd  = 3/4,  where  k = 2’f/X  and  d is  the  peak-to-peak  displacement.  The  curve  at 
the  top  of  Figure  8 is  a corresp'  ndlng  oscilloscope  trace  of  the  output  of  the  phase 
detector  for  the  same  motion  of  the  disk,  showing  the  waveform  of  the  motion  to  be 
faithfully  reproduced  by  the  scattered  radar  signal. 
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The  design  of  the  vibrator  tended  to  force  a sinusoidal  motion  response 
regardless  of  the  driving  waveform.  Figure  9 shows  the  results  of  an  attempt  to 
drive  the  disk  with  a triangular  waveform.  Again,  the  displacement  was  kd  = 3/4, 
but  the  frequency  was  reduced  to  5 Hz,  ■ in  order  to  permit  longer  motion  response 
times . 

The  bottom  curve  of  Figure  9 shows  the  driving  waveform  from  the  Wavetek 
function  generator.  Figure  9(b)  is  the  output  of  the  vibration  pickup,  showing  the 
actual  form  of  the  motion  being  executed  by  the  disk.  Finally,  Figure  9(a)  shows 
the  output  of  the  phase  detector.  As  can  be  seen,  this  curve  closely  follows  the 
distorted  sinewave  of  the  actual  motion,  but  the  motion  does  not  closely  follow  the 
driving  function. 

Conventional  backscatter-RCS  and  phase  patterns  are  given  in  Figure  10(a) 
and  (b),  respectively.  Some  asymmetry  is  evident  in  the  RCS  pattern  of  Fig- 
ure 10(a)  but  it  is  much  more  clearly  displayed  in  the  phase  pattern  of  Figure  10(b). 
This  was  traced  to  the  GR  Model  1560-P2  vibration  pickup  mounted  near  one  edge 
of  the  disk  that  directly  contributed  to  the  scattered  field,  beginning  at  angles  near 
10°  for  CW  rotations. 


Figure  9.  Oink  Motion  with  Nonsinuaoidai  Driv- 
ing Wave/orm,  (a)  Scattered  phase,  (b)  Be- 
sponse  (actual  motion),  (o)  Driving  waveform. 
(Belative  amplitude  ve  time  display) 


since  the  disk  was  mounted  5.  75  In.  forward  of  the  center  of  rotation  of  the 
mount,  a correction  has  been  provided  In  the  phase  measurements  to  compensate 
for  the  motion  of  the  disk  away  from  the  antennas,  as  It  was  rotated.  The  correc- 
tion was  calculated  from 


=>  720  t /X 
corr  ' 

(1) 

s 5. 75  In.  (1  - cos  e) 

(2) 

where  $ la  the  aslmuth  angle  of  rotation.  X the  wavelength,  and  I is  the  amount  of 
naovement  from  the  normal  orientation. 

The  results  as  shown  In  Figure  10  were  obtained  from  point -by-polnt  meas- 
urements using  the  Selentlfle  Atlanta  Model  1750  and  Amplitude  Receiver  In  Its  con- 
ventional operational  nmde. 
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3.  MEASURED  MODULATION  PROPERTIES 

This  section  contains  the  results  of  several  measurements  designed  to  Illus- 
trate specific  properties  of  the  modulations  Introduced  by  linear  translational 
oscillations  of  the  scattering  targets.  In  particular,  It  will  be  shown  (a)  that  the 
modulation  Introduced  by  such  motion  Is  phase  modulation;  (b)  that  the  modulation 
amplitude  Is  Independent  of  the  modulation  frequency;  (c)  that  the  phase  modulation 
Introduced  Is  directly  proportional  to  the  amplitude  of  the  mechanical  oscillation; 

(d)  that  the  spectral  components  of  the  modulated  signal  are  monotonlcally  decreas- 
ing for  simple  sinusoidal  motion;  and  (e)  that  the  measured  results  are  In  good 
agreement  with  corresponding  results  calculated  from  a soundly-based  theoretical 
model.  In  addition.  It  will  be  shown  that  the  amplitude  of  the  spectral  components 
exhibits  a high  degree  of  aspect  invariance  when  measured  with  the  system 
described  In  Section  2. 

Figure  11  shows  the  output  of  the  separate  receiver  sections  that  were  designed 
to  respond  only  to  amplitude  modulation  or  to  phase  modulation.  Parts  (a),  (b), 
and  (c)  are  results  for  peak-to-peak  vibrational  amplitudes  of  0.071  Inch,  0. 155 
Inch,  and  0. 310  Inch,  corresponding  to  A/ 16,  X/8,  and  A/4  respectively.  Because 
of  the  two-way  path  of  the  scattered  signal,  these  vibrational  amplitudes  result  In 
phase  changes  of  45°,  90°,  and  180°,  respectively.  Each  trace  In  the  figure  Is  a 
conventional  amplitude  versus  time  display.  The  top  trace  of  each  set  Is  the  out- 
put of  the  amplitude-sensitive  section;  the  uottom  trace,  the  output  of  the  phase- 
sensitive  section;  and  the  middle  trace,  the  output  from  the  amplitude-sensitive 
section  with  a calibrated  Input  to  determine  ;he  degree  of  amplitude  modulation, 
as  discussed  In  Section  2. 

Figure  11(a),  (b),  and  (c)  clearly  show  that  the  vibrating  target  Introduces 
predominantly  phase  modulation;  there  Is  no  measurable  amplitude  modulation  for 
vibrational  amplitudes  that  produce  up  to  45°  phase  modulation.  Ninety  degrees 
of  phase  modulation.  Figure  11(b),  is  accompanied  by  approximately  1/2  percent 
amplitude  modulation,  whereas  180°  of  phase  modulation.  Figure  11(c),  Is  accom- 
panied by  approximately  4 percent  amplitude  modulation. 

For  these  measurements,  the  disk  was  located  approximately  90  In.  from  the 
transmitting  and  receiving  antennas.  The  physical  displacements  of  the  disk  of 
0.310  Inch  required  to  produce  phase  changes  of  180°  would  result  In  power  changes 
and  hence  amplitude  modulations  of  1.4  percent  due  to  the  l/R^  power  variation. 

If  the  target  were  not  perfectly  aligned  within  the  beam  areas,  these  changes  due 
to  motion  of  the  target  would  be  larger,  with  correspondingly  greater  amplitude 
modulations  observed.  Hence,  It  may  be  concluded  that  rigid  translational  vibra- 
tions of  distant  targets  Intixaluce  phase  naodulatlon. 


I : 


(c) 


AMPLITUDE 


AMPLITUDE 

CALIBRATION 


PHASE 


Figure  U.  Measured  Phase  and  Amplitude  Modulations  lor  Three  Vibration  Am- 
plltudea:  (a)  43°  phase.  0 percent  amplitude:  (b)  90®  phase,  1/2  percent  ampli- 
tude; (c)  180®  phase.  4 percent  amplitude.  (Relative  amplitude  vs  time  display) 
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Figure  12  shows  the  amount  of  phase  modulation  introduced  to  be  independent 
of  the  vibrational  frequency.  The  displays  of  Figure  12  are  amplitude  versus  time, 
showing  the  varying  d-c  output  of  the  phase  detector;  differing  amplitudes  repre- 
sent differing  total  phase  excursions.  The  amplitude  is  constant  for  the  tliree 
different  vibrational  frequencies  shown;  additional  measurements  confirmed  this 
behavior  over  a much  wider  range  of  frequencies. 


A A A ■ 

\j  U V V 


Figure  12.  Phase  Modulation  from  Constant  Dis- 
placement Amplitude,  Differing  Vibration  Fre- 
quencies (Amplitude  vs  time  display,  peak-to-poak 
displacement  = 0.025  inch) 


Figure  13  shows  the  amount  of  phase  modulation  introduced  to  be  directly  pro-  ■ 
portional  to  the  amplitude  of  the  mechanical  vibration.  Here,  measured  phase 
modulation  is  plotted  against  measured  peak-to-peak  displacements  of  the  disk  for 
displacements  from  0.002  inch  to  0.20  inch.  Displacement  amplitudes  were 
measured  using  the  General  Radio  Model  1553A  vibration  meter.  Tlie  amount  of 
phase  modulation  was  determined  by  adjusting  an  HP  precision  variable  phase 
shifter  in  the  reference  phase  line  to  align  successively  the  top  and  bottom  of  tlio 
sinusoidal  trace  with  the  center  line  of  the  graticule  of  the  oscilloscope,  and  then 
subtracting  the  phase  shifter  readings  corresponding  to  the  two  display  positions. 


20 


Pigur«  13.  McMured  Pha»«  Modulation  vji  Vibrational  Amplitude 


The  ealeulated  line  of  Figure  13  waa  determined  from  the  aimple  aaaumption 
that  the  phaae  ahift  UUroduced  U directly  pt'oportlonal  to  the  dUplacement  of  the 
dUk.  Thua. 


phaae  * 3SO®(2)(D/X)  m 

where  0 ia  the  peak-te-peak  displacement  and  k u the  wavelength,  equal  to  1. 18  in. 
for  the  IS  Gffa  measurement  frequency.  There  Is  agreement  to  within  about 
10  percent  between  the  measured  and  calculated  results,  with  the  measured  results 
corresponding  more  closely  to  a wavelength  of  about  1.33  la.  The  differettees  can 
moat  likely  be  attributed  to  nenlineartty  of  the  phase  detector  or  error  w adiusi- 
ment  of  the  vibration  meter. 

An  additional  significant  point  of  Figure  13  is  that  very  small  vibrational 
motions  can  he  detected  by  eaamlalng  the  relative  phase  of  the  reflected  signal. 

As  shown.  motl©t\s  of  ^.Ohl  inch  or  eO.Od£>8aA  were  readily  measured  with  good 
aeeuraey. 
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Typical  examples  of  the  modulation  spectra  resulting  from  simple  sinusoidal 
oscillation  of  the  scatterer  are  given  in  Figure  14  for  displacement  ai.iplitudes  of 
kd  - 1 and  kd  <=  2,  where  k - 2e/X  and  d is  the  peak-to-peak  displacement.  In 
part  (a)  of  Figure  14  the  modulation  frequency  was  25  He  and  the  first  four  max* 
ima  correspond  to  the  fundamental  and  first  three  harmonics  of  the  modulation 
frequency;  the  remaining  maxima  are  due  to  spurious  signals.  In  Figure  14(b)  the 
modulation  frequency  was  reduced  to  5 Hz  in  order  to  obtain  the  larger  required 
displacement  corresponding  to  kd  > 2 without  exceeding  the  acceleration  capabili- 
ties of  the  shaker.  Here  the  first  five  maxima  are  the  modulation  fundamental  and 
its  first  four  harmonics:  the  remaining  maxima  are  due  to  spurious  signals, 
ilelativc  amplitudes  of  the  spectral  components  simwn  in  Figure  14  are  in  good 
agreement  with  corresponding  theoretical  I'esults  calculated  by  Kleinman.  ^ 

The  results  of  f ’^orc  detailed  set  of  measurements  cerried  out  to  provide  a 
comparison  with  theoretical  results  calculated  by  Kleinman  are  simwn  compared  to 
corresponding  calculated  results  in  Figure  13,  where  calculated  results  arc  repre- 
sented by  solid  lines  and  measured  points  are  represented  by  dots  and  circles.  The 
line  labeled  0 represents  the  relative  p wer  of  the  radio  frequency  carrier;  if  no 
modulation  were  Introduced  this  would  I e always  1,  or  0 dB  in  the  graph.  The 
line  labeled  1 represents  the  relative  t>ower  level  of  the  fundamental  modulation 
frequency,  and  successively  numbered  lines  represent  in  order  the  harmonics  of 
the  tnodulaelon  frequency.  Thus,  the  line  labeled  4 Is  the  third  harmonic  of  the 
modulation  frequency.  For  the  measurements,  the  modulation  frequency  was 
20  Hz.  A vertical  cut  through  the  graph  at  a given  value  of  kd  gives  the  relative 
s[>cctral  levels  eorresfjondlng  to  that  vibrational  amplitude;  for  example,  a vertical 
line  at  kd  » I gives  the  relative  spectral  levels  of  Figure  Ufa). 

The  measured  pjlnts  form  an  independent  set,  and  they  have  been  normalized 
to  the  theoretical  results  only  at  kd  - I on  the  N - I curve.  Generally,  agreement 
between  calculated  and  measured  points  Is  very  good,  with  some  deterioration  at 
the  lower  power  levels. 

The  experl  me  Sit  a I t*e#-4ts  of  Figure  IS  were  obtained  using  an  H.  F.  Model  302A 
Wave  Analyser  that  pr?vido»i  an  accurate  arnpUiude  comparison  of  the  different 
harmonies.  For  high  accuracy.  P is  partlc'Uarly  l{,,portattt  to  calibrate  the  phase 
detector  and  to  adjust  carefully  the  relative  phase  of  the  unmodulated  r-f  scattered 
attd  reference  signals  so  that  proper  response  is  obtained  for  hovvi  odd  and  e/ea 
harmonics. 


2.  Kleinman.  R.E.  (IS7M  Electremagnetic  Seatierlag  hv  a Tinearlv  oselUattng 
Target.  AFCKh-TH-Tj-esad. — 
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Figure  U.  Modulation  S^elra  for  Sinusoidal 
OaelUatlen  of  Target,  (a)  Dtsptaeemeatj  kd  = 1. 
f « 35  Me.  (b)  UUplaeenaeat:  kd  > 3.  f « S Ha 
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Figure  IS.  Comparison  of  Measured  and  Cateulated  Spectral  Levels  for  Sinusoidal 
Vibration  (Vibration  frequeiw  jr  20  lie) 
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